Mycophenolate mofetil (MMF) is increasingly used in the treatment of neuromuscular autoimmune diseases such as myasthenia gravis. *Toxoplasma gondii* encephalitis occurs most often in AIDS patients and posttransplantation and rarely is reported as a complication of immunosuppressive treatment of autoimmune disease. No previous cases of toxoplasmic encephalitis (TE) occurring in association with MMF in the treatment of neuromuscular autoimmune disease have been reported. We report 2 cases of TE associated with immunosuppressive treatment of neuromuscular disease with long-term MMF therapy.

METHODS {#s1}
=======

This article describes 2 patients with neuromuscular disorders on immunotherapy with long-term MMF who developed TE.

RESULTS {#s2}
=======

Case 1. {#s2-1}
-------

A 77-year-old man with well-controlled myasthenia gravis (positive acetylcholine receptor--binding and --modulating antibodies) on pyridostigmine, prednisone 20 mg qod, and MMF 1,500 mg/day for 3 years presented with a 1-month history of progressive weakness of his right arm and leg, speech difficulty, gait difficulty, and cognitive impairment. Examination was notable for expressive aphasia, right-sided hemiparesis, and right-sided hyperreflexia. MRI brain showed multiple rim-enhancing lesions ([figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). CT of the chest, abdomen, and pelvis was unremarkable. Laboratory tests showed normal leukocyte count. CSF analysis showed elevated protein at 64 mg/dL (normal 15--45 mg/dL), 1 white blood cell (WBC)/mm^3^, and normal glucose. CSF *T gondii* B1 gene real-time PCR was positive. *T gondii* immunoglobulin (Ig) G and IgM serum antibodies were positive. CD4 count was 789 cells/mm^3^ (normal 510--2,320 cells/mm^3^). Serum HIV test was negative. CSF showed scattered, mature-appearing lymphocytes. CSF Gram stain was unremarkable. CSF acid-fast bacilli smear and culture were negative. CSF bacterial and fungal culture was negative. CSF histoplasmosis and cryptococcus serologies were negative. Absolute CD3^+^ lymphocyte count was low at 751 cells/μL (normal 915--3,400 cells/μL). Absolute CD4^+^ lymphocyte count was low at 400 cells/μL (normal 510--2,320 cells/μL). Absolute CD8^+^ lymphocyte count was normal. MMF was discontinued and he was treated with pyrimethamine 50 mg daily, sulfadiazine 1,000 mg 4 times per day, and leucovorin 25 mg daily for 2 months without significant improvement. He died 2 months after the onset of his symptoms.

![Pre- and posttreatment contrast-enhanced MRI of toxoplasmosis lesion in case 1\
(A, B) Contrast-enhanced MRI demonstrated a 2.3 by 1.3 cm ring-enhancing lesion in the deep white matter of the left frontoparietal lobe. (C, D) Repeat imaging 1 month later after receiving antitoxoplasmosis treatment. A and C are MRI brain fluid-attenuated inversion recovery sequences. B and D are MRI brain T1 postgadolinium images.](NEURIMMINFL2014002774FF1){#F1}

![Pre- and posttreatment contrast-enhanced MRI of second toxoplasmosis lesion in case 1\
(A) Contrast-enhanced MRI demonstrated a second ring-enhancing lesion in the medial right temporal lobe. (B) Repeat imaging 1 month after receiving antitoxoplasmosis treatment.](NEURIMMINFL2014002774FF2){#F2}

Case 2. {#s2-2}
-------

A 72-year-old woman with a history of inflammatory myopathy presented with fever, confusion, and generalized weakness. Diagnosis of inflammatory myopathy had been made 3 years prior after EMG and muscle biopsy. She had been treated with MMF 1,500 mg twice a day and prednisone 10 mg once a day for 2.5 years. She had received 2 doses of rituximab 1,000 mg 2 weeks apart 8 months prior to presentation. Her examination revealed proximal muscle weakness and encephalopathy. Brain MRI demonstrated multiple ring-enhancing lesions with surrounding vasogenic edema ([figure 3](#F3){ref-type="fig"}). EEG showed no seizures. CT of the chest, abdomen, and pelvis was unremarkable. CSF analysis showed mild lymphocytic pleocytosis (10 WBC/mm^3^, lymphocytes 97%) and elevated protein at 124 mg/dL. TE was confirmed by positivity on CSF *T gondii* B1 gene real-time PCR. Serum *T gondii* IgG antibody was positive and serum *T gondii* IgM antibody was negative. Serum HIV test was negative. The following CSF viral PCR studies were negative: Epstein-Barr virus, human herpesvirus 6, varicella-zoster virus, cytomegalovirus, herpes simplex virus 1, and herpes simplex virus 2. CSF Venereal Disease Research Laboratory and CSF cryptococcal antigen were negative. CSF cytopathology demonstrated leukocytosis with mixed lymphocytes and neutrophils. Absolute CD3^+^ and CD4^+^ lymphocyte counts were normal at 1,454 and 1,110 cells/μL, respectively (normal 915--3,400 cells/μL and 510--2,320 cells/μL, respectively). Absolute CD19^+^ lymphocyte count was low at 16 cells/μL (normal 105--920 cells/μL), CD19^+^ lymphocyte population was low at 1%, and CD20^+^ was less than 1% of all lymphocytes. Serum IgG was high at 2,393 mg/dL (normal 600--1,700 mg/dL). MMF was discontinued and she was treated with pyrimethamine 50 mg daily, sulfadiazine 1,000 mg 4 times per day, and leucovorin 25 mg daily for 2 months without significant improvement. She died 2 months after the onset of her symptoms.

![Contrast-enhanced MRI of toxoplasmosis lesions in case 2\
(A) MRI brain fluid-attenuated inversion recovery demonstrated multiple lesions with perilesional edema. (B) Contrast-enhanced MRI brain demonstrated multiple foci of ring-enhancing lesions in the bilateral subcortical regions.](NEURIMMINFL2014002774FF3){#F3}

DISCUSSION {#s3}
==========

MMF is a prodrug of mycophenolic acid (MPA) that exerts its immunosuppressive effect by inhibiting purine biosynthesis.^[@R1]^ Specifically, MPA suppresses DNA synthesis via a selective, noncompetitive, reversible inhibition of primarily the type II isoform of inosine monophosphate dehydrogenase, an enzyme central to the de novo production of guanosine. This cytostatic effect is relatively specific to lymphocytes, which are more dependent on this pathway than other cell types.

MMF is used in the treatment of several neuroimmunologic diseases, including myasthenia gravis, multiple sclerosis (MS), neuromyelitis optica, chronic inflammatory demyelinating polyneuropathy, multifocal motor neuropathy, and inflammatory myopathy. In most studies, MMF has had an advantageous tolerability and safety profile.^[@R2]^ We did not find any prior cases of TE occurring during the treatment of autoimmune neurologic illnesses or rheumatologic illnesses with MMF. In transplant patients, TE has been described in association with different combinations of immunosuppressives used for rejection prophylaxis. For example, TE has been reported in regimens containing cyclosporine, azathioprine, tacrolimus, and methylprednisolone.^[@R3][@R4][@R5]^ Toxoplasmosis infections have recently been reported in association with newer biologic immunotherapies in the treatment of autoimmune disease. Infliximab- and adalimumab-associated TE have been reported in the treatment of rheumatoid arthritis.^[@R6],[@R7]^ Rituximab-associated TE has been described in the treatment of cryoglobulinemic vasculitis.^[@R8]^ Natalizumab-associated toxoplasmic chorioretinitis has been described in the treatment of relapsing-remitting MS.^[@R9]^

In the general US population, the overall seroprevalence of *Toxoplasma* is 22.5%.^[@R10]^ In regions where *Toxoplasma* is particularly endemic, such as within Brazil, seroprevalence is as high as 50%--70%.^[@R11]^ Immunocompetent patients in the general population with latent toxoplasmosis generally have an asymptomatic natural history. Severe toxoplasmosis infection occurs when chronic *T gondii* infection is reactivated in the immunocompromised individual.^[@R12]^ The predominant manifestation of toxoplasmosis infection in immunosuppressed individuals is TE. Focal findings may include focal seizures, ataxia, hemisensory loss, hemiparesis, and hemiplegia.^[@R13]^ Definitive diagnosis of TE requires a consistent clinical presentation, identification of \>1 consistent lesion on MRI or other brain imaging, and detection of the organism by brain biopsy. PCR has been recommended for diagnosis in immunosuppressed individuals, and it has a high specificity of 96%--100%. At present, most clinicians begin treatment for TE following presumptive clinical diagnosis and rely on empiric diagnosis supported by clinical and radiographic improvement in response to antitoxoplasmosis treatment. Brain biopsy is recommended when patients do not respond to toxoplasmosis therapy.^[@R13]^ The treatment of choice is a combination of pyrimethamine, sulfadiazine, and leucovorin. Despite treatment, mortality in patients receiving immunosuppression remains high, with reported mortality rates ranging from 40% to 60%, which is higher than the mortality rate for the AIDS population (13%--31%).^[@R14],[@R15]^

The seroprevalence for *Toxoplasma* in the US region where our cases occurred is relatively low, around 20%.^[@R10]^ In our 2 cases, both patients were treated with MMF for more than 2 years prior to onset of neurologic symptoms and diagnosis of TE. Each individual received another immunosuppressive agent in addition to MMF, which may have contributed to the risk of toxoplasmosis infection. In the first case, the patient received low-dose corticosteroids (20 mg every other day), but there is little evidence to suggest that treatment with low-dose corticosteroids is associated with a significant risk of infection.^[@R16]^ He did have low CD4^+^ and CD8^+^ T-cell counts consistent with immunosuppression secondary to MMF. In the second case, the patient received rituximab 8 months prior to the development of neurologic symptoms. We could only find one case report of TE occurring in an individual who had received long-term rituximab.^[@R8]^ Notably, both of our patients were on MMF 3 g/day. Studies in the transplant and rheumatology patients have suggested an increased incidence of infectious events with higher MMF dosing.^[@R17],[@R18]^ The increased risk of infection should be considered in individuals on high-dose MMF (3 g/day). Despite appropriate treatment, both patients had no significant improvement, which reflects the high morbidity and mortality of TE. As earlier recognition and treatment has been reported to improve outcomes in TE, these case reports emphasize the need to consider TE in any patient receiving MMF who presents with new cognitive or neurologic defects.

The use of trimethoprim/sulfamethoxazole (TMP-SMX) prophylaxis to prevent life-threatening opportunistic infections in individuals receiving immunosuppression for treatment of autoimmune disease has previously been recommended for higher-risk individuals.^[@R19],[@R20]^ We recommend that MMF dose not exceed 2--2.5 g/day. If an MMF dose of 3 g/day is required, then prophylaxis with TMP-SMX can be considered. The utility of screening for and prophylaxis against toxoplasmosis in individuals with neuroimmunologic disorders and other autoimmune disorders who receive immunosuppressive therapy requires future study.
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